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(57) ABSTRACT

Interference filters which are optical components are erected
in advance on optical paths 1n a transparent container, and
the transparent container 1s filled with a photo-curable resin
solution. Further, a j1g 1s prepared for manufacturing an
optical waveguide device. The jig mncludes a housing, and
holes. On this occasion, positions of the holes are set such
that light input through the hole reaches the holes via the
interference filters. Optical fibers are fitted 1nto the holes of
the housing and the housing 1s mounted on the transparent
container. Next, light at a predetermined wavelength 1is
cguided 1nto the optical fibers so that optical waveguides are
formed 1n the photo-curable resin solution. Next, the photo-
curable resin solution 1s exchanged for a low-refractive-
index photo-curable resin solution and then the low-
refractive-index photo-curable resin solution 1s solidified
wholly by ultraviolet light. Finally, for example, an optical
fiber, a light-receiving element, etc. are provided.

25 Claims, 9 Drawing Sheets
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OPTICAL WAVEGUIDE DEVICE
MANUFACTURING JI1G, METHOD OF
MANUFACTURING OPTICAL WAVEGUIDE
DEVICE BY USE OF THE SAME JIG, AND
THE SAME OPTICAL WAVEGUIDE DEVICE

The present Application 1s a Continuation Application of

U.S. patent application Ser. No. 10/216,224 filed on Aug. 12,
2002, now U.S. Pat. No. 6,823,116.

The present application 1s based on Japanese Patent
Application No. 2001-245705, which 1s incorporated herein
by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mvention relates to an optical waveguide
device manufacturing jig for manufacturing an optical
waveguide device with high accuracy, a method of manu-
facturing the optical waveguide device by use of the jig, and
the optical waveguide device. Particularly, 1t relates to a jig
for manufacturing an optical waveguide device easily and
accurately by guiding light at a predetermined wavelength
into a container from predetermined positions preset in the
j1g 1n the condition that the container contains optical
components 1nserted therein and 1s filled with a photo-
curable resin solution; a method of manufacturing the opti-
cal waveguide device by use of the jig; and the optical
waveguide device. The invention can be applied to manu-
facturing of an mexpensive low-loss apparatus such as an
optical transmitter/receiver, an optical interconnection, an
optical demultiplexer or an optical mutliplexer in the field of
optical fiber communication.

2. Related Art

In recent years, attention has been paid to a technique in
which beam-like light at a predetermined wavelength 1s
cguided 1nto a photo-curable resin solution to thereby form an
optical waveguide device on the basis of a self-focusing
phenomenon. The self-focusing phenomenon 1s a phenom-
enon 1n which diverging irradiation light 1s confined in a
solid phase region due to increase 1 refractive index in the
solid phase when the liquid phase of the photo-curable resin
1s changed to the solid phase by light irradiation. The optical
waveguide formed by use of this phenomenon 1s called a
self-forming optical waveguide. Hereinafter, the self-
forming optical waveguide 1s simply referred to as an optical
waveguide. As a specific example, Japanese Patent Publi-
cation No. HO8-320422 has disclosed a method of producing
an optical waveguide system and an optical device using the
optical waveguide system. This method 1s a method 1n which
light having at least one predetermined wavelength 1s guided
into a photo-curable resin solution through at least one place
in the condition that optical components such as a light-
receiving element, a lens, a prism, and a mirror are disposed
in the photo-curable resin solution so that the optical com-
ponents are coupled with one another by optical waveguides
formed by use of the self-focusing phenomenon. In such a
manner, there 1s formed an optical device containing various
optical components connected to one another by optical
waveguides. When, for example, various interference filters
are erected along the optical axis, an optical waveguide type
demultiplexing filter 1s formed. When, for example, a half
mirror 1s disposed 1n the photo-curable resin solution and
input and output ports of the optical device are coupled with
cach other by optical waveguides, an optical waveguide type
branching unit or an optical waveguide type multiplexer 1s
formed.
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Particularly, in this example, the manufacturing method 1s
configured so that light 1s guided 1nto the photo-curable resin
solution from two-way directions so that optical waveguides
are coupled with each other by a so-called self-alignment
cifect 1n which the optical waveguides from two sides of the
optical device are led into each other and coupled with each
other at a midpoint to thereby reduce loss at the coupling
portion.

In the related-art example, however, one kind of photo-
curable resin solution 1s used. If the one kind of photo-
curable resin solution 1s cured, 1t 1s difficult to form clads of
optical waveguides. That 1s, there 1s a problem that trans-
mission loss occurs because of slight damage or dust on
surfaces of the optical waveguides. Moreover, 1n the related-
art example, because the optical waveguides are only sup-
ported by the mput and output ports or the optical
components, there 1s another problem that an optical
wavegulde device strong against mechanical vibration can-
not be produced.

In the related-art example, for example, a semiconductor
laser as an optical component may be mcorporated. That 1s,
the wavelength used for forming the optical waveguides 1s
made equal to the wavelength for actual applications (for
example, 1n optical communication). In this case, there 1s a
problem that the optical waveguides obtained on the basis of
the relation between the predetermined wavelength and the
absorption rate make transmission loss large.

Moreover, the feature of the related-art example 1s 1n that
light 1s guided into the photo-curable resin solution from
different directions to form optical waveguides from the
different directions so that the optical waveguides are
aligned at a midpoint by the self-alienment effect.
Accordingly, the feature of the related-art example 1s to
produce a low-loss optical waveguide device. It 1s, however,
necessary to align the optical waveguides with accuracy, for
example, of tens of micrometers at the midpoint 1n order to
perform the self-alignment effect in the condition that the
diameter of each of the optical waveguides 1s one hundred
and several tens of microns. When optical components are
disposed 1n the photo-curable resin solution, the positional
or angular displacement of the optical components is a large
factor which causes lowering of the self-alignment effect. In
the related-art example, the optical waveguide devices are
not always efficiently produced.

SUMMARY OF THE INVENTION

The mvention 1s designed to solve the problems and an
object of the invention is to produce a high-precision optical
waveguide device easily by forming a predetermined num-
ber (N) of light inlets corresponding to optical components
at predetermined positions in a housing of an optical
waveguide device manufacturing jig, and by guiding light at
a predetermined wavelength 1nto a container through the
predetermined number (N) of light inlets which are posi-
tioned 1n the housing.

Another object of the 1nvention 1s to provide a jig for
manufacturing an optical waveguide device etficiently by a
simple operation of forming holes in the predetermined
number (N) of light inlets, fitting optical fibers in the holes,
and outputting light at a predetermined wavelength from the
optical fibers; and to provide a method of manufacturing the
J1g.

A further object of the mnvention 1s to provide a method of
manufacturing an optical waveguide device with low trans-
mission loss 1 which optical waveguides are embedded in
a low-refractive-index resin solution to thereby form step-




US 6,925,233 B2

3

index optical waveguides. A still further object of the
invention 1s to provide a jig which can adjust opftical
components to thereby improve operating efficiency, and to
provide a method of manufacturing an optical waveguide
device with high accuracy. Another object of the mmvention
1s to provide an optical waveguide device manufactured by
such a method.

The foregoing objects are objects to be achieved indi-
vidually by aspects of the invention and it 1s not to be
understood that all the objects can be achieved by each of the
aspects of the mvention.

(1) To achieve these objects, in accordance with the
invention, there 1s provided a jig for manufacturing an
optical waveguide device provided with at least one optical
component and a predetermined number (N) of input-output
ends, the jig being employed by mounted on a transparent
container 1n which a photo-curable resin solution and the
optical component 1s contained, characterized by:

a housing; and

the predetermined number (IN) of light inlets provided in
the housing at predetermined positions corresponding to the
input-output ends;

wherein a first light at a predetermined wavelength 1s
cguided 1nto the transparent container through at least one of
the light inlets to cure the photo-curable resin solution to
thereby form optical waveguides 1n a direction of a first
optical axis and a direction of a second optical axis changed
by the optical component 1n the photo-curable resin solution
so that the optical component 1s connected to the light inlets
with the optical waveguides,

whereby the optical waveguide device having the prede-
termined number (N) of input-output ends is manufactured.

(2) According to the invention, there 1s provided a jig for
manufacturing an optical waveguide device according to (1),
characterized 1 that the at least one light inlet 1s provided
with a hole mto which an optical fiber 1s fitted.

(3) According to the invention, there 1s provided a jig for
manufacturing an optical waveguide device according to (1)
or (2), further characterized by an optical condensing system
attached to at least one of the light inlets through which the
first light at the predetermined wave length 1s guided 1nto the
fransparent container.

(4) According to the invention, there 1s provided a jig for
manufacturing an optical waveguide device according to any
one of (1) through (3), further characterized by an adjusting
device for adjusting at least one of a position and an angle
of the optical component relative to the first and second
optical axis of the first light guided into the transparent
container.

(5) According to the invention, there is provided a jig for
manufacturing an optical waveguide device according to any
one of (1) through (4), characterized in that the housing
containing the predetermined number (N) of light inlets is
separable mto a plurality of parts.

(6) According to the invention, there is provided a method
of manufacturing an optical waveguide device comprising
the steps of:

inserting at least one optical component 1n a transparent
container at a predetermined position;

filling the transparent container with a photo-curable resin
solution;

mounting the jig defined in any one of (1) to (5) onto the
fransparent container;

ouiding a first light at a predetermined wavelength 1nto
the transparent container through at least one of the light
inlets
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curing the photo-curable resin solution thereby forming
optical waveguides so that the optical component 1s con-
nected to the light inlets with the optical waveguides; and

forming an optical waveguide device having the prede-
termined number (N) of input-output ends.

(7) According to the invention, there is provided a method
of manufacturing an optical waveguide device according to
(6), characterized in that the at least one light inlet is
provided with a hole 1nto which an optical fiber with which

the first light at the predetermined wavelength 1s output 1s
fitted.

(8) According to the invention, there is provided a method
of manufacturing an optical waveguide device according to
(6) or (7), characterized in that at least opposite two ends of
cach of the optical waveguides are fixed to the transparent
container.

(9) According to the invention, there is provided a method
of manufacturing an optical waveguide device according to
any one of (6) through (8), characterized in that:

at least one of a position and an angle of the optical
component 1s adjustable from an outside of the transparent
container; and

the adjustment of the optical component 1s carried out
after the photo-curable resin solution 1s 1njected into the
fransparent container so that a second light mput through
one of the light inlets 1s output through another of the light
inlets while the second light has a wavelength incapable of
curing the photo-curable resin solution.

(10) According to the invention, there is provided a
method of manufacturing an optical waveguide device
according to any one of (6) through (9), further characterized
by the steps of:

removing an uncured part of the photo-curable resin
solution 1n surroundings of the optical waveguides from the
transparent container after the optical waveguides are
formed; and

embedding the optical waveguides 1n a low-refractive-
index resin solution having a refractive index lower than that
of each of the optical waveguides and

solidifying the low-refractive-index resin solution.

(11) According to the invention, there is provided a
method of manufacturing an optical waveguide device
according to (10), characterized in that the low-refractive-
index resin solution 1s another photo-curable resin solution
or a heat-curable resin solution which 1s highly mutually
soluble 1n the photo-curable resin solution with which the
optical waveguides are formed.

(12) According to the invention, there is provided a
method of manufacturing an optical waveguide device
according to any one of (6) through (9), characterized in
that:

the photo-curable resin solution 1s a mixture solution of a
high-refractive-index photo-curable resin solution and a
low-refractive-index photo-curable resin solution different
In curing initiating wavelength; and

a light at a first predetermined wavelength capable of
curing only the high-refractive-index photo-curable resin
solution 1s guided 1nto the transparent container through at
least one of the light mnlets to form the optical waveguides,
and after a formation of the optical waveguides, a light at a
second predetermined wavelength capable of curing both the
high-refractive-index photo-curable resin solution and the
low-refractive-index photo-curable resin solution 1s radiated
onto a whole uncured part of the mixture solution 1n sur-
roundings of the optical waveguides to thereby solidify the
mixture solution.
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(13) According to the invention, there is provided a
method of manufacturing an optical waveguide device
according to any one of (6) through (12), characterized in
that the predetermined wavelength used for a formation of
the optical waveguides 1s different from wavelengths of
optical signals with which the optical guide device 1s oper-
ated after the optical waveguide device 1s formed.

(14) According to the invention, there is provided an
optical waveguide device manufactured by use of an optical
wavegulde device manufacturing j1g defined 1n anyone of
(1) through (5) and an optical waveguide device manufac-
turing method defined in any one of (6) through (13),
wherein at least one component of any optical elements and
photoelectric conversion elements 1s coupled with the mput-
output ends of the optical waveguide device.

The optical waveguide device manufacturing jig as in (1)
1s a j1g which has a housing, and the predetermined number
(N) of light inlets provided in the housing at predetermined
positions. The “predetermined positions” mean positions
which accurately correspond to the position of at least one
optical component. To manufacture an optical waveguide
device, first, a transparent container containing at least one
optical component 1nserted therein 1s filled with a photo-
curable resin solution. Then, this jig 1s mounted on the
transparent container and light at a predetermined wave-
length 1s guided into the transparent container through
arbitrary light inlets of the predetermined number (N) of
light 1nlets located 1n the housing of the jig at predetermined
positions. The “arbitrary light inlets” may be light inlets
smaller in number than N or may be all of the light inlets.
Guiding light at a predetermined wavelength through all the
light inlets means that the photo-curable resin solution is
cured from two-way directions.

That 1s, the photo-curable resin solution 1s cured from a
one-way direction or two-way directions to thereby form
optical waveguides 1n a direction of an optical axis and 1n a
direction of the optical axis changed by at least one optical
component disposed in the photo-curable resin solution.
Particularly when light at a predetermined wavelength is
ouided 1nto the transparent container from two-way
directions, optical waveguides are coupled with each other
at a predetermined midpoint. In this manner, there can be
obtained an optical waveguide device 1in which at least one
optical component 1s connected to the predetermined num-
ber (N) of light inlets by the optical waveguides.

When an optical waveguide device 1s manufactured thus
by use of the jig 1n which the positional relation between at
least one optical component and the light inlets 1s set 1n
advance, an operating person need not align the optical
component with the light inlets. That 1s, the optical
wavegulde device can be manufactured efficiently.
Moreover, because the optical waveguide device 1s manu-
factured by use of the jig 1n which the positional relation of
the light 1nlets 1s sustained, there 1s little variation in quality
of the optical waveguide device manufactured. That 1s, the

optical waveguide device having stable quality can be
manufactured.

The optical waveguide device manufacturing jig as in (2)
1s an optical waveguide device manufacturing j1g as defined
in (1), wherein each of the arbitrary light inlets is provided
with a hole formed therein so that an optical fiber 1s fitted
into the hole. That 1s, because light at a predetermined
wavelength 1s guided through the optical fiber fitted into the
hole formed 1n each of the arbitrary light inlets, optical
waveguides can be formed easily and accurately. Moreover,
because the optical fiber 1s excellent 1n tlexibility, workabil-
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ity 1n a process for manufacturing of the optical waveguide
device can be improved.

The optical waveguide device manufacturing jig as in (3)
1s a j1g for manufacturing an optical waveguide device as
defined in (1) or (2), wherein a light-coupling optical system
1s attached to each of the arbitrary light inlets through which
the light at the predetermined wavelength 1s guided 1nto the
fransparent container.

The optical condensing system may be provided on the
transparent container side or may be provided on the light
source side. When light at a predetermined wavelength 1is
ouided into the transparent container through the arbitrary
light inlets of the housing, light transmitted through the
transparent container 1s focused on the vicinity of the wall of
the transparent container by the optical condensing system
(such as a convex lens) on the transparent container side.
When light 1s focused, the intensity of light per unit area 1s
increased. As a result, the photo-curable resin solution in the
transparent container 1s fixed to the inner wall of the
transparent container more rapidly and more firmly. Thus, an

optical waveguide device strong against disturbance such as
vibration can be manufactured.

Incidentally, the optical condensing system may be dis-
posed on the light source side if the light inlets of the jig are
transparent.

The optical waveguide device manufacturing jig as in (4)
1s a j1g for manufacturing an optical waveguide device as
defined in any one of (1) through (3), further having an
adjusting device for adjusting a position and/or an angle of
the optical component relative to the optical axis of the light
ouided 1nto the transparent container.

The adjusting device 1s constituted by a combination of
soft magnetic materials mounted on the bottom portions of
the optical components respectively and magnets attached to
the outside of the bottom portion of the housing. For
example, the soft magnetic materials and the magnets are
fixed adjustably so that the bottom portion of the transparent
container and the bottom portion of the housing are sand-
wiched between the soft magnetic materials and the magnets
by magnetic force. To adjust the optical component, for
example, light at a wavelength incapable of curing the
photo-curable resin solution 1s guided into the transparent
contamer. If the optical component 1s displaced from the
optical axis, the magnets are moved 1n parallel to thereby
adjust the optical component from the outside. Further, 1f the
angle of the optical component 1s displaced from the optical
axis, the optical component can be adjusted by rotating the
magnets. That 1s, the optical component can be adjusted in
the state that the transparent container is filled with the
photo-curable resin solution. Hence, an optical waveguide
device can be manufactured with higher accuracy.

The optical waveguide device manufacturing jig as in (5)
1s a j1g for manufacturing an optical waveguide device as
defined in any one of (1) through (4), wherein the housing
containing the predetermined number (IN) of light inlets can
be separated into a plurality of parts.

Because the housing can be separated into a plurality of
parts, the j1g can be adapted to various shapes of transparent
containers. For example, housing parts may be positioned,
so that light at a predetermined wavelength 1s guided 1nto the
transparent container through light inlets of one housing part
separated thus while the guided light 1s output through light
inlets of the other housing part. The j1g can be used for
various shapes of transparent containers. That 1s, various
shapes of optical waveguide devices can be manufactured by
the optical waveguide device manufacturing jig.
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The optical waveguide device manufacturing method as
in (6) 1s a method of manufacturing an optical waveguide
device formed by use of an optical waveguide device
manufacturing jig defined in anyone of (1) through (5). First,
at least one optical component 1s inserted 1n a transparent
container at a predetermined position. Then, the transparent
container 1s filled with a photo-curable resin solution. Then,
the optical waveguide device manufacturing jig defined 1n
any one of (1) through (5) is mounted on the transparent
container. Then, light at a predetermined wavelength 1is
cguided into the transparent container through arbitrary light
inlets of the optical waveguide device manufacturing jig.
The “light at a predetermined wavelength” 1s, for example,
short-wave laser light. The light at the predetermined wave-
length makes the photo-curable resin solution cause photo-
polymerization reaction 1n the direction of the optical axis
successively. In this manner, there can be formed an optical
waveguide device 1n which the optical component 1s con-
nected to the predetermined number (N) of light inlets by the
optical waveguides. The predetermined number (N) of light
inlets serve as mput ports and/or output ports 1n the optical
waveguide device completed. When the j1g according to the
invention 1s used, a high-precision optical waveguide device
can be formed because the light inlets, that 1s, mnput and
output ports are positioned i1n advance accurately. In
addition, the optical waveguide device can be formed easily.

The optical waveguide device manufacturing method as
1n (7) 1s a method of manufacturing an optical wavegmde
device as defined in (6), wherein each of the light inlets in
the optical waveguide device manufacturmg j1g mounted on
the outside of the transparent container 1s provided with a
hole formed 1n the light inlet so that an optical fiber through
which the light at the predetermined wavelength 1s output 1s
fitted 1nto the hole. That 1s, when optical fibers are inserted
into the light inlets and light 1s guided into the transparent
container through the optical fibers, the optical waveguide
device can be formed easily and accurately. Moreover, the
optical fibers are excellent 1n flexibility. Hence, this method
can 1improve the workability 1n the process of manufacturing
the optical waveguide device.

The optical waveguide device manufacturing method as
in (8) 1s a method of manufacturing an optical waveguide
device as defined 1n (6) or (7), wherein at least opposite two
ends of each of the optical waveguides are fixed to the
transparent container.

Generally, the photo-curable resin solution 1s solidified
while having adhesiveness when cured. That 1s, the optical
waveguides are fixed to a medium which abuts on the
photo-curable resin solution. According to the invention, the
photo-curable resin solution i1s mjected 1nto the transparent
container and light at a predetermined wavelength 1s input-
output through all the predetermined number (N) of light
inlets provided in the optical waveguide device manufac-
turing jig. Hence, optical waveguides formed are at least
fixed to the transparent container. Because opposite ends of
cach of the optical waveguides are fixed to the transparent
container, an optical waveguide device strong against vibra-
tion or the like can be formed. That 1s, this method of
manufacturing a strong optical waveguide device can be
achieved.

The optical waveguide device manufacturing method as
in (9) 1s a method of manufacturing an optical waveguide
device as defined in any one of (6) through (8), wherein the
position and/or angle of the optical component inserted in
the transparent container can be adjusted from the outside of
the transparent container. For example, an adjusting device
1s constituted by a combination of soft magnetic materials

10

15

20

25

30

35

40

45

50

55

60

65

3

mounted on the bottom portions of optical components and
magnets attached to the outside of the bottom portion of the
housing. The soft magnetic materials and the magnets are
fixed adjustably so that the transparent container and the
housing can sandwiched between the soft magnetic materi-
als and the magnets by magnetic force. The positional and/or
angular adjustment of the optical component 1s carried out
by the adjusting device after the photo-curable resin solution
1s 1njected 1nto the transparent container, so that light input
through one light inlet of the predetermined number (N) of
light inlets 1s output through another light inlet of the
predetermined number (N) of light inlets while the light has
a wavelength i1ncapable of curing the photo-curable resin
solution. When, for example, the positional displacement of
the output position 1s positional displacement from the
optical axis of the optical component, the magnets are
moved 1n parallel to thereby adjust the output position.
When, for example, the posmonal displacement 1s angular
displacement from the optical axis of the optical component,
the magnets are rotated to thereby adjust the angle. That 1s,
the optical component can be adjusted in the state that the
fransparent container 1s filled with the photo-curable resin
solution. Hence, a method of manufacturing an optical
wavegulde device easily and accurately can be achieved.

The optical waveguide device manufacturing method as
in (10) 1s a method of manufacturing an optical waveguide
device as defined in any one of (6) through (9), further
having the steps of: removing an uncured part of the
photo-curable resin solution 1n surroundings of the optical
waveguides from the transparent container after the forma-
fion of the optical waveguides; and then embedding the
optical waveguides 1n a low-refractive-index resin solution
having a refractive mndex lower than that of each of the
formed optical waveguides and solidifying the low-
refractive-index resin solution. On this occasion, the low-
refractive-index resin solution may be a photo-curable resin
solution or a heat-curable resin solution. When the low-
refractive-index resin solution 1s a photo-curable resin
solution, the low-refractive-index resin solution 1s solidified,
for example, by ultraviolet light. When the low-refractive-
iIndex resin solution 1s a heat-curable resin solution, the
low-refractive-index resin solution 1s solidified by heat.

When, for example, the resin solution for forming optical
waveguides 1s a high-refractive-index photo-curable resin
solution and the solution for solidifying the whole 1nside the
transparent container 1s a low-refractive-index resin
solution, the low-refractive-index resin solution 1s selected
in accordance with the refractive index of the high-
refractive-index photo-curable resin solution cured. That 1s,
for example, the low-refractive-index resin solution 1s set so
that step-index optical waveguides with low loss can be
formed. Because step-index optical waveguides can be
formed, transmission loss can be reduced. Moreover,
because the whole 1nside the transparent container 1s
solidified, a strong optical waveguide device can be formed.
That 1s, the optical waveguide device can be manufactured

as a device strong against the influence on disturbance such
as vibration and low 1n loss.

The optical waveguide device manufacturing method as
in (11) 1s a method of manufacturing an optical waveguide
device as defined in (10), wherein the low-refractive-index
resin solution 1s a photo-curable or heat-curable resin solu-
tion which 1s highly mutually soluble 1n the photo-curable
resin solution used for the formation of the optical
waveguides.

When optical waveguides are formed on the basis of the
photo-curable resin solution, the photo-curable resin solu-
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tion still remains on surfaces of the optical waveguides even
after the removal of the photo-curable resin solution.
Generally, the remaining solution causes transmission loss
of the optical waveguides. According to the invention, a
low-refractive-index resin solution having mutual solubility
in the photo-curable resin solution 1n this state 1s 1njected.
Because the low-refractive-index resin solution has such
mutual solubility, the photo-curable resin solution remaining
on the surfaces of the optical waveguides 1s dissolved 1n the
low-refractive-index resin solution contained. That 1s, the
surfaces of the optical waveguides are made substantially
smooth and uniform. When the surfaces are uniform, loss
due to propagation (total reflection) is reduced. That is, a

low-loss optical waveguide device can be manufactured.

Generally, a cleansing step 1s required after the removal of
the photo-curable resin solution. According to the invention,
since a low-refractive-index resin solution having mutual
solubility in the photo-curable resin solution 1s used, there 1s
also an effect that the cleansing effect can be omitted.

The optical waveguide device manufacturing method as
in (12) 1s a method of manufacturing an optical waveguide
device as defined in any one of (6) through (9), wherein: the
photo-curable resin solufion 1s a mixture solution of a
high-refractive-index photo-curable resin solution and a
low-refractive-index photo-curable resin solution different
In curing initiating wavelength. Parallel light at a first
predetermined wavelength capable of curing only the high-
refractive-index photo-curable resin solution 1s guided into
the transparent container through arbitrary light inlets of the
predetermined number (N) of light inlets to form the optical
waveguides. After the formation of the optical waveguides,
light at a second predetermined wavelength capable of
curing both the high-refractive-index photo-curable resin
solution and the low-refractive-index photo-curable resin
solution 1s radiated onto the whole uncured part of the
mixture solution 1n surroundings of the optical waveguides
to thereby solidify the mixture solution.

For example, light at a wavelength Ay (A, <Ap<h))
capable of curing only the high-refractive-index photo-
curable resin solution 1s guided 1nto the mixture solution. In
this case, the wavelength A, 1s a wavelength for 1nitiating
curing of the high-refractive-index photo-curable resin
solution, and the wavelength A, 1s a wavelength for 1nitiating
curing of the low-refractive-index photo-curable resin solu-
tion. The light at the wavelength A 1s short-wave laser light
such as argon 1on laser light. Hence, only the high-
refractive-index photo-curable resin solution in the mixture
solution 1s cured by photo-polymerization reaction, so that
optical waveguides are formed. On this occasion, the mix-
ture solution constituted by these two kinds of photo-curable
resin solutions remains on the outer circumferences of the
optical waveguides.

Then, light of a wavelength band A (A-<)\,) capable of
curing the two kinds of photo-curable resin solutions 1is
radiated from surroundings of the mixture solution by an
ultraviolet lamp or the like so that the remaining mixture
solution 1s solidified by photo-polymerization reaction simi-
larly. As a result, clad portions are formed around the optical
waveguides (core portions) respectively, so that so-called
step-index optical waveguides are formed. The optical
waveguides formed thus, the optical component and the
container are solidified as a whole. Also as a result, a strong
optical waveguide device can be manufactured. In the pro-
ducing method according to the invention, the step of
exchanging the photo-curable resin solution for a new one 1s
not required. Hence, a manufacturing method with improved
workability efficiency can be achieved.
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The optical waveguide device manufacturing method as
in. (13) is a method of manufacturing an optical waveguide
device as defined 1n any one of (6) through (12), wherein the
predetermined wavelength used for the formation of the
optical waveguides 1s set to be different from the wave-
lengths of optical signals which are used after the optical
waveguide device 1s formed. The photo-curable resin solu-
tion for forming optical waveguides absorbs energy of light
at a predetermined wavelength so as to be solidified. That 1s,
a wavelength which can be easily absorbed to the photo-
curable resin solution 1s selected as the light at the prede-
termined wavelength when optical waveguides are formed.
This means that the optical waveguides formed thus can
casily absorb the light at the predetermined wavelength
though the absorption rate is slight. Accordingly, light at a
wavelength different from the predetermined wavelength 1s
used for the optical waveguide device completed. In other
words, light at a predetermined wavelength different from
the wavelength of an optical signal used after the formation
of the optical waveguide device 1s used for forming the
optical waveguides. For example, light at a wavelength
shorter than the wavelength used in an optical signal (in a
range of from infrared light to visible light) is used. In this
manner, a low-loss optical waveguide device can be formed.

The optical waveguide device as in (14) is an optical
wavegulde device manufactured by use of an optical
waveguide device manufacturing jig defined 1n anyone of
(1) through (5) and an optical waveguide device manufac-
turing method defined in any one of (6) through (13),
wherein optical elements and/or photoelectric conversion
clements are coupled with the input-output ends of the
optical waveguide device.

Examples of the optical elements include elements such
as lenses, filters, and optical fibers. These elements are fixed,
for example, by a transparent adhesive agent. In this manner,

the optical waveguide device can be provided as a device
smaller 1n size and easy to handle.

Examples of the photoelectric conversion elements
include light-emitting elements such as laser diodes, and
light-receiving elements such as photo-diodes. When these
clements are coupled with the input-output ends of the
optical waveguide device, various transmitting/receiving
devices can be formed. When, for example, light-receiving
clements are coupled with the input-output ends, a receiving
device 1n optical communication can be formed. When, for
example, light-emitting elements are coupled with the mput-
output ends, a communication device 1n optical communi-
cation can be formed.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A and 1B are a top view and a front view
respectively showing a jig for manufacturing an optical
waveguide device according to a first embodiment;

FIGS. 2A through 2¢ are step views showing processes for
manufacturing the optical waveguide device according to
the first embodiment;

FIG. 3 1s a characteristic graph showing spectral sensi-
fivity of a mixture solution according to a second embodi-
ment,

FIGS. 4A through 4¢ are step views showing processes for
manufacturing the optical waveguide device according to
the second embodiment;

FIG. 5 1s a view showing the arrangement of a jig for
manufacturing an optical waveguide device according to a
modification;

FIGS. 6A and 6B are views showing the formation of
optical waveguides in the case where a laser light beam
according to the modification 1s guided,;
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FIGS. 7A and 7B are views showing the formation of one
of optical waveguides 1n the case where the j1g for manu-
facturing an optical waveguide device 1s provided with a
conveX lens as another modification;

FIG. 8 1s a sectional view showing the configuration of the
optical waveguide type two-way communication device
according to a modification; and

FIGS. 9A and 9B are a top view and a front view showing
a j1g¢ for manufacturing an optical waveguide device accord-
ing to a modification.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

The 1mvention will be described below based on specific
embodiments. The mvention 1s however not limited to the
following embodiments.

(First Embodiment)

FIGS. 1A and 1B show a jig for manufacturing an optical
waveguide device according to this embodiment. By use of
the j1g, an optical waveguide device which will be described
later 1s manufactured. Incidentally, FIG. 1A 1s a top view,
and FIG. 1B 1s a front view. The optical waveguide device
manufacturing jig according to this embodiment includes a
housing 10, and a hole 11 and holes 12 formed 1n light 1nlets
13 of the housing 10. On this occasion, the hole 11 and the
holes 12 are processed with high accuracy 1n alignment with
positions of photoelectric conversion elements which will be
described later. That 1s, the position of the hole 11 relative
to the holes 12 and the perpendicularity of the hole 11 to the
holes 12 are made highly accurate. For example, an error of
the Y ordinate in the coordinates of the center of each of the
holes 11 and 12 1s set by precision processing so as to be in
the range of from the order of several microns to the order
of tens of microns. Further, the perpendicularity of the hole
11 to the holes 12, that 1s, the angle between the center line
of the hole 11 and the center line of each of the holes 12 1s
set to be, for example, 1n a range of the order of tens of
seconds to the order of hundreds of seconds. In such a
manner, when, for example, optical fibers are fitted into the
holes 11 and 12 respectively, light (such as laser light) output
from the forward end of the optical fiber fitted into the hole
11 and light (such as laser light) output from the respective
forward ends of the optical fibers fitted into the holes 12
cross each other exactly at about 90 degrees. The optical
waveguide device according to this embodiment 1s formed
by use of such a j1ig. Accordingly, any operating person need
not adjust the positional or angular relation between the
optical fibers. By a simple method of guiding light at a
predetermined wavelength into a photo-curable resin solu-
tion from optical fibers fitted 1nto the jig to thereby carry out
a predetermined step which will be described later, an
optical waveguide device can be produced with high accu-
racy.

FIG. 2 1s a step view showing a method of manufacturing
an optical waveguide device according to this embodiment
of the invention. The fundamental manufacturing method 1s
a so-called stereo lithography method in which short-wave
laser light 1s guided 1nto a photo-curable resin so that the
resin 1s cured by photo-polymerization reaction. The differ-
ent point of the method according to the imnvention from the
stereo lithography method 1s 1n that optical waveguides can
be formed autonomously without any movable portion.
First, in step (a), the housing 10 of the optical waveguide
device manufacturing jig 1s provided with optical fibers 21
and 22, for example, each made of quartz and having a core
diameter of 100 um and a clad diameter 140 um. That 1s, the
optical fiber 21 1s fitted into the hole 11 1n the housing 10,
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while the optical fibers 22 are fitted 1nto the holes 12 m the
housing 10. On the other hand, for example, interference
filters 25 which are optical components are inserted in
predetermined positions of a transparent container 20, and
the transparent container 20 1s filled with an acrylic photo-
curable resin solution 23 which has a high refractive index
and which exhibits radical polymerization reaction when
irradiated with light. The housing 10 provided with the
optical fibers 21 and 22 1s mounted on the transparent
container 20. The transparent container 1s, for example, an
acrylic container shaped like a rectangular parallelepiped
with a 0.5 mm thickness. Then, the process shifts to step (b)

In the step (b), light at a predetermined wavelength, for
example, short-wave laser light (wavelength A ;) is guided
into the optical fibers 21 and 22. The short-wave laser light
1s, for example, argon 10n laser light at a wavelength A ;=488
nm. The light at a predetermined wavelength (wavelength
Aw) 1s output with output intensity of about 150 mW from
the forward end of each of the optical fibers 21 and 22 so that
the photo-curable resin solution 23 1s polymerized and
cured. On this occasion, the refractive index of the forward
end portion of each of optical waveguides 24 1s increased by
curing of the photo-curable resin solution 23. Hence, each of
the optical waveguides 24 grows continuously (self-forming
type optical waveguides) while the guided light is confined
in the optical waveguide 24 on the basis of the self-focusing
effect. As shown 1n step (¢), the optical waveguides 24 then
reach, for example, the interference filters 25 erected at
intervals of 5 mm. Each of the interference filters 25 1s a
semi-transparent mirror to other wavelengths than the inter-
ference wavelength. That 1s, when setting 1s made such that
the predetermined wavelength of the guided light 1s different
from the interference wavelength, each of the interference
filters 25 reflects a part of the light and transmits the other
part of the light. That 1s, the optical waveguides 24 are
formed successively along the reflection path and the trans-
mission path of the light. Then, optical waveguides 24
orown from different paths are led into each other by the
self-alignment effect, so that the optical waveguides 24 are
coupled with each other. When all the optical waveguides 24
are coupled with one another, laser irradiation through the
optical fibers 21 and 22 1s stopped. The diameter of each of
the optical waveguides 24 formed on this occasion 1s about
120 um and the transmaission loss to a wavelength of 850 nm
1s about 0.8 dB/cm. Further, the loss 1n each of the inter-
ference filters 25 1s about 0.5 dB/cm. The process shifts to
step (d).

In the step (d), the photo-curable resin solution 23 is
removed from the transparent container 20, and a low-
refractive-index photo-curable resin solution 26 which 1s a
fluorinated acrylic resin solution lower 1n refractive index
than each of the optical waveguides 24 1s 1njected 1n the
transparent container 20. On this occasion, the optical
waveguides 24 have end portions fixed to the transparent
contamer 20, and center portions fixed to the interference
filters 25, respectively. Accordingly, when the solution 1is
exchanged for a new one, there 1s no fear that the optical
waveguides 24 are deformed and detached. In addition, the
optical waveguides 24 are strong against mechanical vibra-
fion or the like. On this occasion, 1t 1s preferable that the
low-refractive-index photo-curable resin solution 26 to be
exchanged for 1s mutually soluble 1n the photo-curable resin
solution 23 used for forming the optical waveguides. When
the photo-curable resin solutions having mutual solubility in
cach other are used, a part of the photo-curable resin solution
23 does not remain on the surfaces of the optical waveguides
at the time of solution exchange so that the surfaces of the
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optical waveguides 24 can be formed to be smooth.
Accordingly, the optical waveguides which are reduced in
fransmission loss can be formed.

Further, when solution exchange 1s carried out, a step of
cleansing the container with a solvent 1s generally required.
Because of this step, manufacturing cost 1s increased accord-
ingly. Since the low-refractive-index photo-curable resin
solution 26 highly mutually soluble 1n the photo-curable
resin solution 23 is injected in the container in the step (d)
of the embodiment, the cleansing step can be also omitted.
Accordingly, the manufacturing cost becomes more 1nex-
pensive.

Next, the low-refractive-index photo-curable resin solu-
tion 26 is irradiated with ultraviolet light (wavelength A ),
for example, by an ultraviolet lamp or the like. That 1s, the
low-refractive-index photo-curable resin solution 26 1is
cured and solidified wholly. Accordingly, clads are formed
in the surroundings of the optical waveguides 24, so that
step-index optical waveguides can be formed. On this
occasion, the surface of each of the optical waveguides 24
1s smooth as described above, and has a sharp change in
refractive index in the radial direction. That 1s, more perfect
step-index optical waveguides can be formed with lower
loss (about 0.5 dB/cm). In addition, because the whole of the
low-refractive-index photo-curable resin solution 26 1is
solidified, firm optical waveguides can be formed.

In order to minimize the transmission loss of each of the
optical waveguides 24, the low-refractive-index photo-
curable resin solution 26 may be selected so that the ditfer-
ence between the refractive index of the optical waveguide
24 (refractive index of the core portion) and the refractive
index of the low-refractive-index photo-curable resin solu-
tion 26 (refractive index of the clad portion) after curing is
maximized. As an example, when an acryl-based resin 1is
used in the photo-curable resin solution 23 (photo-curable
resin solution for the core), an epoxy resin, an oxetane resin,
a silicon resin as well as the acryl-based resin may be used
in the low-refractive-index photo-curable resin solution 26
(photo-curable resin solution for a clad material). When any
one of these low-refractive-index resin solutions 1s used,
optical waveguides with low loss can be obtained. The
process shifts to the final step (e).

In the step (), an optical waveguide device 1s produced.
An example of the optical waveguide device 1s an optical
waveguide type receiving sensor. That 1s, a new optical fiber
31 1s mounted (bonded) onto an input port 27 of the optical
waveguide 24, and light-receiving elements (photo diodes)
29,, 29, and 29. which are, for example, photoelectric
conversion elements are provided at output ports 28 of the
optical waveguides 24, respectively. Incidentally, the refer-
ence numeral 30 designates a lead frame for the light-
receiving elements 29. In such a manner, an optical
waveguide type receiving sensor can be formed.

For example, optical signals having wavelengths A ,, A,
and A as carrier wavelengths are guided mto the optical
fiber 31 of the optical waveguide type receiving sensor. The
optical signals at the wavelengths A ,, Az and A 1nput from
the optical fiber 31 are reflected by the interference filters 25
5o as to be received by the light-receiving elements 29,, 29,
and 29, respectively. That 1s, the optical waveguide type
receiving sensor 1s formed as an optical frequency multi-
plexing optical waveguide type receiving sensor. In this
embodiment, the optical waveguide device manufacturing
j1g 10 shown 1in FIGS. 1A and 1B 1s used, so that the device
can be manufactured easily and accurately.

Preferably, each of the wavelengths A,, Az and A 1s a
wavelength longer than the predetermined wavelength A If

10

15

20

25

30

35

40

45

50

55

60

65

14

cach of the wavelengths A ,, A, and A - 1s equal to near to the
wavelength (predetermined wavelength) A, used for form-
ing the optical waveguides, the light 1s apt to be absorbed to
the optical waveguides 24 so that the transmission loss
becomes large. For example, when the optical waveguides
24 arec formed at a wavelength of 488 nm, the transmission
loss at the wavelength of 488 nm 1s 5 dB/cm. When the
optical waveguides 24 are formed at a wavelength of 670
nm, the transmission loss 1s 1.3 dB/cm. In addition, when the
optical waveguides 24 are formed at a wavelength of 850
nm, the transmission loss 1s 0.8 dB/cm. Accordingly, when
the optical waveguides are formed at the wavelength of 488
nm, the wavelength used 1n the optical waveguide device
(communication wavelength when the optical waveguide
device is a communication device) is preferably, for
example, 1n a range of from 600 nm to 1,500 nm. Thus, an
optical waveguide device with low transmission loss can be
formed.

(Second Embodiment)

The first embodiment was an example 1n which the optical
waveguides (core portions) were formed from the photo-
curable resin solution whereas the clad portions were formed
from the low-refractive-index photo-curable resin solution
which was solidified after the photo-curable resin solution
was exchanged for the low-refractive-index photo-curable
resin solution. On the other hand, the second embodiment 1s
an example 1n which a mixture solution obtained by mixing,
two kinds of photo-curable resin solutions different from
cach other both 1n wavelength for initiating curing and 1n
refractive index after curing 1s used so that the solution
exchange step 1s omitted. That 1s, 1n the second embodiment,
after the step (c) of the first embodiment as shown in FIG.
2, the process shifts to the ultraviolet irradiation step (d)
immediately without exchange of the solution. In addition,
in the second embodiment, the housing 10 of the jig for
manufacturing the optical waveguides 1n the first embodi-
ment 1s separated 1nto housing parts 10a and 105 1n order to
manufacture the optical waveguide device more efficiently.

For this reason, two kinds of photo-curable resin solutions
different from each other both 1n wavelength for mitiating
curing and in refractive index after curing, that is, a high-
refractive-index photo-curable resin solution and a low-
refractive-index photo-curable resin solution are mixed with
cach other. The mixture solution i1s prepared as a photo-
curable resin solution for the sterco lithography method. For
example, the high-refractive-index photo-curable resin solu-
fion 1s an acryl-based photo-curable resin solution exhibiting
a radical polymerization reaction wherecas the low-
refractive-index photo-curable resin solution 1s an epoxy-
based photo-curable resin solution exhibiting a cationic
polymerization reaction. The two kinds of photo-curable
resin solutions are mixed with each other, for example, at a
ratio of 7:3 to prepare a mixture solution 32. FIG. 3 shows
spectral sensitivity characteristic for the two kinds of photo-
curable resin solutions. In FIG. 3, the horizontal axis indi-
cates wavelength and the vertical axis indicates relative
sensitivity. A curve A shows the spectral sensitivity charac-
teristic for the high-refractive-index photo-curable resin
solution while a curve B shows the spectral sensitivity
characteristic for the low-refractive-index photo-curable
resin solution.

As shown in FIG. 3, curing initiating wavelengths (A, A,)
for the two kinds of photo-curable resin solutions respec-
fively are designed such that the wavelength Ay, of the
short-wave laser light to be used i1s located between the
curing initiating wavelengths (A, A,). Hereinafter, the high-
refractive-index photo-curable resin solution will be referred
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to as “a solution A”, and the low-refractive-index photo-
curable resin solution will be referred to as “a solution B”.

In this embodiment, such a mixture solution 32 1s used to
manufacture the optical waveguides. The manufacturing
steps will be described with reference to FIG. 4. Incidentally,
because the optical components such as the optical
waveguide forming j1g 10, the optical fibers 21 and 22, and
the interference filters 25 are disposed 1n the same manner
as 1n the first embodiment, detailed description on the
installation of these optical components will be omitted. In
addition, the housing 10 used in this embodiment 1s formed
as a combination of housing parts separable to sustain a
degree of freedom.

First, in step (a), the transparent container 20 is filled with
the mixture solution 32. Next, in step (b), these separate jig
parts are mounted on the transparent container 20 and light
at a predetermined wavelength (argon ion laser light:
A =488 nm) is guided into the transparent container 20. This
wavelength 1s shorter than the curing mitiating wavelength
of the solution A and longer than that of the solution B, as
described above. Accordingly, only the solution A 1s cured
so that optical waveguides 24 are formed. Incidentally, on
this occasion, the solution B on the optic axis 1s pushed
aside. The optical waveguides 24 from different directions
are led mto each other on the basis of the self-alignment
cffect, so that the optical waveguides 24 are formed as
continuous optical waveguides. Then, in step (c), guiding of
light at the predetermined wavelength (wavelength X)) is
stopped so that the process shifts to step (d).

In the step (d), ultraviolet light at a wavelength A is
radiated evenly from the surroundings of the transparent
container 20 by an ultraviolet lamp or the like. As shown 1n
FIG. 3, this wavelength A, 1s shorter than the curing
initiating wavelength of the solution A and shorter than that
of the solution B. Accordingly, both the solutions A and B
are cured. In such a manner, the whole of the maixture
solution 32 1n the surroundings of the optical waveguides 24
1s cured so that clad portions are formed on the optical
waveguides 24 respectively. On this occasion, the refractive
index of each clad portion i1s lower than that of each of the
optical waveguides 24 (core portions). That is, step-index
optical waveguides are formed. Incidentally, because the
next step (¢) in this embodiment is identical to that in the first
embodiment, the description of the step (¢) will be omitted
here.

When two kinds of photo-curable resin solutions different
from each other both 1n curing mitiating wavelength and in
refractive index after curing are mixed with each other and
irradiated with two kinds of light different in wavelength in
two steps 1n such a manner, step-index optical waveguides
can be formed easily. In addition, an optical waveguide
device can be manufactured by use of the step-index optical
waveguides.

(Modification)

Although the embodiments expressing the invention have
been described above, various modifications can be con-
ceived. For example, 1n the first embodiment and the second
embodiment, there has been adopted a method 1n which light
at the predetermined wavelength 1s guided 1nto the container
through all of the holes 11 and 12 so that the optical
waveguides 24 are connected to each other at midpoints. The
adoption of the holes 11 and 12 may be optional. That 1s, all
light at the predetermined wavelength need not be guided
from two-way directions. The light at the predetermined
wavelength may be partially guided from one-way direction.
For example, when the light-receiving area of the light-
receiving element 29, shown in the step (e) of FIG. 2 or in
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the step (e) of FIG. 4 is large, or when the distance between
the hole 11 and the holes 12 1s short, that 1s, when the optical
path 1s short, the light at the predetermined wavelength may
be guided only through the hole 11. When the arrangement
1s made 1n this manner, 1t will also go well.

Although the second embodiment has been described
upon the case where the housing 10 1n the first embodiment
1s separated 1nto the housing parts 10a and 105 and both the
housing parts 10a and 105 are finely adjusted for determin-
ing the 1nput-output positions to form the optical
waveguides 24, the invention may be applied also to the case
where only one of the housing parts 10a and 105 1s adjusted.
In addition, for example, the housing part 10a need not be
provided. That 1s, as shown 1n FIG. §, a hole 41 correspond-
ing to the hole 11 of the housing part 10 may be formed 1n
a side wall of the transparent container so that the optical
fiber 21 1s fitted into the hole 41. The optical waveguide
device manufacturing jig may be made up of only a housing
part 105 and holes 12. The mput-output positions can be set
casily by a simple method of finely adjusting only the
housing part 10b.

In this case, there can be formed a device in which an
optical waveguide 24 1s extended from the forward end of
the optical fiber 21 and 1n which the optical waveguide
device and the optical fiber 21 are integrated with each other.
Accordingly, a device with lower connection loss can be
formed. For example, an optical waveguide device having
an extremely low connection loss of 0.1 dB can be formed.
In such a manner, by use of the optical waveguide device
manufacturing j12 made up of only the housing part 10b, a
device mtegrated with the optical fiber 21 may be manufac-
tured.

Although the first and second embodiments have been
described upon the case where the optical waveguides 24 are
orown from the optical fibers 21 and 22, the invention may
be applied also to the case where the optical fibers are not
used. For example, as shown 1 FIG. 6A, argon 1on laser
light (200 mW) 3 mm wide in terms of full width at half
maximum (FWHM) may be used as the light at the prede-
termined wavelength so that the light can be guided through
the hole 12. The optical waveguides 24 ecach having a
diameter ranging from about 2 mm to about 3 mm can be
obtained. Such an optical waveguide device may be formed.

In addition, the light at the predetermined wavelength
need not be short-wave laser light. For example, light of an
ultraviolet lamp may be extracted from two or more aper-
tures to thereby form substantially parallel light as the light
at the predetermined wavelength. This substantially parallel
light may be guided through the hole 12 as shown 1n each of
FIGS. 6A and 6B. Also 1n this case, the same effect can be
obtained.

Further, in the case where such laser light or lamp light 1s
used, 1t 1s unnecessary to provide any hole 1n the jig. Hence,
if the light inlet 1s transparent, the same optical waveguide
can be formed also 1n an 1rradiation system as shown 1n FIG.
6B.

Although the first and second embodiments have been
described upon the case where optical focusing systems such
as convex lenses are not provided 1n the holes 11 and 12 of
the housing 10, the invention may be applied also to the case
where a convex lens 43 (numerical aperture: 0.25) may be
provided on the transparent container 20 side of each hole 12
as shown 1n FIGS. 7A and 7B. FIG. 7A shows the case where
an optical fiber 22 1s used, and FIG. 7B shows the case where
a laser light beam having about 3 mm as an FWHM 1s used.
When the convex lens 43 1s provided on the transparent
container 20 side of the hole 12, laser light output from the
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optical fiber 22 can be focused, for example, on the vicinity
of the wall of the transparent container 20 (FIG. 7A).
Similarly, the laser light beam having about 3 mm as the
FWHM can be focused on the vicinity of the wall of the
transparent container 20 (FIG. 7B). When the laser light
beam 1s focused as described above, light intensity on the
focusing portion 1s 1ncreased so that the photo-curable resin
solution can be solidified more speedily and with higher
hardness. Optical waveguides 24 can be fixed more firmly to
the 1nner wall of the transparent container 20. Because the
optical waveguides 24 are fixed more firmly to the inner wall
of the transparent container 20, an optical waveguide device
strong against mechanical vibration can be formed. When a
lens long 1n focal length 1s used, the installation position of
the lens may be located on the side (light source side)
opposite to the container 20 side. In addition, as described
above, 1f the light inlet 1s transparent, 1t 1s unnecessary to
provide any hole and 1t may be possible to install the lens in
any position on the path of the laser light.

Although the first and second embodiments have been
described upon the case where an optical frequency multi-
plexing receiving device (triple-wavelength multiplexing
one-way receiving device) is manufactured, application of
the mvention 1s not limited to such a receiving device. For
example, the invention may be applied also to a (double-
wavelength multiplexing single-line) two-way communica-
tion device shown 1n FIG. 8. In this case, a recerving sensor
29, and a light-emitting element 39 as photoelectric con-
version elements are mounted on end surfaces 37 and 38 of
an optical waveguide 24. An optical signal at a wavelength
A, Input from an optical fiber 31 1s propagated through the
optical waveguide 24 and all mnput to the receiving sensor
29, through an interference filter (wavelength selective
filter) 35. That is, the signal is received. On the other hand,
an optical signal at a wavelength A, emitted from the
light-emitting element 39 1s reflected toward the end surface
27 side of the optical waveguide 24 through the mterference
filter 34, so that the reflected light 1s output to the optical
fiber 31. That 1s, the optical signal 1s transmitted. That 1s, a
double-wavelength multiplexing communication device
which can transmit/receive optical signals by a single line
can be formed. Such a device may be used.

Further, 1n the first and second embodiments, if there 1s a
variation 1n thickness of the interference filters 25, this
variation may cause displacement of the optical path of
transmitted light. Further, if there 1s an angular error in the
installation of the interference filters 25, the path of the
reflected light 1s displaced from the predetermined optical
path. In order to cope with such situations, as shown in
FIGS. 9A and 9B, an adjusting device for adjusting positions
and angles of the optical components such as interference
filters may be provided under the optical components. For
example, a j1g for manufacturing the optical waveguide
device 1s formed such that a side wall of the housing 10 1s
[-shaped and such that a bottom plate 1s formed on the side
wall of the housing 10. The adjusting device 1s composed of
soft magnetic materials 13, and magnets 14. The soft mag-
netic materials 13 are provided under the optical compo-
nents. The magnets 14 are provided so as to be nipped by the
transparent container 20 and the bottom plate of the housing
10. The optical components may be erected directly from the
soft magnetic materials 13, or supports may be provided on
the soft magnetic materials 13 to support the optical com-
ponents so that the supports serve as axes of rotation for the
optical components. Incidentally, FIGS. 9A and 9B are
views showing the case the housing 10 of the optical
wavegulde device manufacturing jig 1s mounted on the

10

15

20

25

30

35

40

45

50

55

60

65

138

transparent container 20 where no optical component is
mounted yet. FIG. 9A 1s a top view and FIG. 9B 1s a front
VIEW.

While in use, these optical components (such as interfer-
ence filters 25) are inserted in the container, and a photo-
curable resin solution 23 1s 1njected 1nto the container. Then,
light at a wavelength (for example, 633 nm) incapable of
curing the photo-curable resin solution 23 1s guided into the
container through an optical fiber 21. When the magnets 14
arec moved 1n parallel to maximize the guided light at each
of the optical fibers 22 on the output side, positions where
the optical components are located can be changed. When
the magnets 14 are rotated, the optical components are
rotated to make 1t possible to adjust the reflection angle of
the light. In such a manner, the optical axis can be aligned
accurately. That 1s, an optical waveguide device with higher
accuracy can be manufactured. The optical waveguide
device thus manufactured may be used.

Although the first embodiment has been described upon
the case where the low-refractive-index photo-curable resin
solution 26 which 1s a photo-curable resin solution to be
solidified wholly 1s 1njected into the transparent container 20
and solidified by ultraviolet light (A ), the invention may be
applied also to the case where a heat-curable resin solution
1s used as the photo-curable resin solution. In this case,
heating may be performed instead of irradiation with ultra-
violet light. Also 1n this case, the transmission loss 1s about
0.5 dB/cm. Further, when the heat-curable resin solution 1s
used, 1t 1s unnecessary to use the transparent container 20
made of optical glass or the like. Accordingly, manufactur-
ing can be made 1nexpensively. Incidentally, when an
opaque container such as a metal container 1s used, optical
components such as optical sensors may be provided 1n the
inside of the opaque container or holes may be provided in
the opaque container so that optical waveguides can be
connected to optical sensors directly. The same effect can be
obtained also 1n this case.

Although the first and second embodiments have been
described upon the case where argon 1on laser light at a
wavelength A =488 nm 1s used as the short-wave laser light,
the 1nvention may be applied also to the case where He—Cd
(helium-cadmium) laser light at a wavelength A.,,=325 nm is
used 1n accordance with the photo-curable resin solution.
The same effect can be obtained also 1n this case. Further, a
superhigh-pressure mercury lamp (A=380 nm) or the like
may be used 1f light from the lamp can be made as
substantially parallel light rays.

What 1s claimed 1s:

1. A method of manufacturing an optical waveguide
device comprising:

inserting at least one optical component 1n a container at
a predetermined position;

filling said container with a first photo-curable resin
solution;

mounting a jig onto said container;

ouiding a first light at a predetermined wavelength 1nto
said container through at least one of a plurality of light
mnlets;

curing said {first photo-curable resin solution thereby
forming at least one optical waveguide such that said
optical component 1s connected to said at least one of
a plurality of light inlets by said optical waveguide; and

forming an optical waveguide device having a predeter-
mined number of input-output ends.
2. A method of manufacturing an optical waveguide
device according to claim 1, further comprising:
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removing an uncured part of said first photo-curable resin
solution in surroundings of said at least one optical
waveguide from said container after said at least one
optical waveguide 1s formed;

embedding said at least one optical waveguide 1 a
low-refractive-index resin solution having a refractive
index lower than that of said at least one opftical
waveguide; and

solidifying said low-refractive-index resin solution.

3. A method of manufacturing an optical waveguide
device according to claim 2, wherein said low-refractive-
index resin solution comprises at least one of a second
photo-curable resin solution and a heat-curable resin solu-
tion which 1s highly mutually soluble 1n said first photo-
curable resin solution with which said at least one optical
waveguide 1s formed.

4. A method of manufacturing an optical waveguide
device according to claim 1, wherein said at least one optical
component comprises an interference filter.

5. A method of manufacturing an optical waveguide
device according to claim 4, wherein said interference filter
comprises a semi-transparent mirror which 1s transparent to
wavelengths other than an interference wavelength.

6. A method of manufacturing an optical waveguide
device according to claim 1, further comprising:

ouiding said first light 1nto said container through another
of said plurality of light inlets,

wherein said at least one of said plurality of light inlets
and said another of said plurality of light inlets are
disposed along ditferent paths from the optical compo-
nent.

7. A method of manufacturing an optical waveguide
device according to claim 6, wherein said curing of said first
photo-curable resin forms another optical waveguide to said
optical component.

8. A method of manufacturing an optical waveguide
device according to claim 1, wherein at least opposite two
ends of said optical waveguide are fixed to said container.

9. A method of manufacturing an optical waveguide
device according to claim 1,

wherein at least one of a position and an angle of said at
least one optical component 1s adjustable from an
outside of said container; and

said at least one of the position and the angle of said at
least one optical component 1s adjusted after said
photo-curable resin solution 1s 1njected 1nto said con-
tainer such that a second light input through one of said
plurality of light 1nlets 1s output through another of said
plurality of light inlets while said second light includes
a wavelength mcapable of curing said photo-curable
resin solution.

10. A method of manufacturing an optical waveguide
device according to claim 1, wherein said at least one of said
plurality of light inlets comprises a hole ito which an
optical fiber with which said first light at said predetermined
wavelength 1s output 1s fitted.

11. A method of manufacturing an optical waveguide
device according to claam 1, further comprising:

ouiding said first light 1nto said container through another
of said plurality of light inlets such that said curing of
said {first photo-curable resin forms another optical
wavegulde such that said optical component 1s con-
nected to said at least one of said plurality of light inlets
by said at least one optical waveguide and said another
of said plurality of light inlets by said another optical
waveguide.
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12. A method of manufacturing an optical waveguide
device according to claim 1, wherein said photo-curable
resin solution comprises a mixture solution of a high-
refractive-index photo-curable resin solution and a low-
refractive-index photo-curable resin solution different in
curing 1nitiating wavelength; and

a light including a first predetermined wavelength capable

of curing only said high-refractive-index photo-curable
resin solution 1s guided into said container through said
at least one of said plurality of light inlets to form said
at least one optical waveguide, and after a formation of
said at least one optical waveguide, a light including a
second predetermined wavelength capable of curing
both said high-refractive-index photo-curable resin
solution and said low-refractive-index photo-curable
resin solution 1s radiated onto a whole uncured part of
said mixture solution 1n surroundings of said at least
one optical waveguide to thereby solidify said mixture
solution.

13. A method of manufacturing an optical waveguide
device according to claim 1, wherein said predetermined
wavelength used for said formation of said at least one
optical waveguide 1s different from wavelengths of optical
signals with which said optical guide device 1s operated after
said optical waveguide device 1s formed.

14. An optical waveguide device manufactured by a
method according to claim 1, wherein at least one of an
optical element and a photoelectric conversion element 1s
coupled with at least one of said predetermined number of
input-output ends of said optical waveguide device.

15. A method of manufacturing an optical waveguide
device according to claim 1, wherein said at least one optical
component comprises a plurality of interference filters, and

wherein said plurality of optical interference filters are
disposed along a path of said at least one of said
plurality of light inlets.
16. A method of manufacturing an optical waveguide
device according to claim 1, further comprising:

cuiding said first light into said container through another
of said plurality of light inlets such that said curing of
said first photo-curable resin forms another optical
waveguide such that said optical component 1s con-
nected to said another of said plurality of light inlets by
said another optical waveguide.

17. A method of manufacturing an optical waveguide

device comprising:

inserting at least one optical component 1n a container at

a predetermined position;

filling said container with a first photo-curable resin
solution;

ouiding a first light at a predetermined wavelength 1nto
said container through a plurality of light inlets; and

curing said {first photo-curable resin solution thereby
forming a plurality of optical waveguides such that said
at least one optical component 1s connected to said
plurality of light inlets by said plurality of optical
waveguides.
18. A method of manufacturing an optical waveguide
device according to claim 17, further comprising:

adjusting at least one of a position and an angle of said at
least one optical component after said photo-curable
resin solution 1s filled into said container such that a
second light mput through a first light inlet of said
plurality of light inlets 1s output through a second light
inlet of said plurality of light inlets.
19. A method of manufacturing an optical waveguide
device according to claim 18, wherein said second light
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includes a wavelength incapable of curing said photo-
curable resin solution.

20. A method of manufacturing an optical waveguide
device according to claim 18, wherein at least one of said
position and said angle of said at least one optical compo-
nent 1s adjustable from an outside of said container.

21. A method of manufacturing an optical waveguide
device according to claim 17, wherein each of the plurality
of light inlets comprises a hole, and

wherein an optical fiber that outputs said first light 1s fitted

into said each of the plurality of light inlets.

22. A method of manufacturing an optical waveguide
device according to claim 17, wherein at least two of said
plurality of optical waveguides are disposed along different
paths of said at least one optical component.

23. A method of manufacturing an optical waveguide
device according to claim 17, wherein one of said plurality
of optical waveguides 1s disposed along a first path of said
at least one optical component and another of said plurality
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of optical waveguides is disposed along a second path of 20

said at least one optical component.

24. A method of manufacturing an optical waveguide
device according to claim 17, wherein one of said plurality
of optical waveguides 1s disposed along one path of said at
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least one optical component and another of said plurality of
optical waveguides 1s disposed along another path of said at
least one optical component.
25. A method of manufacturing an optical waveguide
device comprising;
inserting at least one optical component 1n a container at
a predetermined position;

filling said container with a {first photo-curable resin
solution;

cuiding a first light at a predetermined wavelength into
saild container through a plurality of light inlets,
wherein at least one of said plurality of inlets 1is
disposed along one path of said at least one optical
component and another of said plurality of inlets 1s
disposed along another path of said at least one optical
component; and

curing said first photo-curable resin solution thereby
forming a plurality of optical waveguides such that said
at least one optical component 1s connected to said
plurality of light inlets by said plurality of opfical
waveguides.
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